Introduction
Engineering educators are introduced to an array of active learning approaches that pique their interest and spark excitement about the possible outcomes for their students. After initial exposure to new activities, contextual questions naturally arise for educators, and a clear understanding of the essential features for successfully implementing a teaching strategy becomes necessary. Reflection activities represent one approach for active learning that educators reasonably have questions about before adopting the approach.
Reflection is a topic that can have various meanings. For this project, reflection was conceptualized with the following definition: looking back on the past experience(s), to interpret and make meaning of those experiences in order to plan for the future [1] . With this open interpretation, it is still possible that reflection is messy, personal, and complicated. The body of scholarship on reflection in engineering education is emerging. Several studies discuss the challenges of incorporating reflection activities in engineering classrooms [210] . Although the term is not always used, reflection is a feature of engineering education and engineering practice. Examples like iteration in design processes, or when an educator allows students to redo a test to demonstrate knowledge of the material are very common ways in which engineering as a discipline reflects. This paper builds on the work of the Consortium to Promote Reflection in Engineering Education (CPREE) [11] in which we conjectured that educators in engineering were already doing reflection activities and we sought to document those activities. We spent the first year of CPREE talking with educators to learn what activities they use. Ultimately, we documented over 100 reflection activities facilitated by engineering educators from diverse types of institutions and shared those activities for public use in the form of a field guide. The field guide includes an overview of each activity, steps to recreate the activity, and tips and inspiration as shared by each educator who offered their specific activity for the field guide. These "tips and tricks" were very often derived from years of experience of using the activity. Collectively, these activities and their associated tips provide a set of guiding ideas for implementing reflection activities in engineering education settings. These tips became the unit of analysis for this paper.
In this paper, we present themes that were derived from over 300 individual tips in our field guide for reflection in engineering education. These activities come from many different contexts, have varying depth, time allocations, and other features that make the activities unique, yet the tips yielded similar themes for success. For this paper, we completed a qualitative analysis to identify themes across all of the tips. The themes were organized into three categories: (1) considerations for the reflection activity itself, (2) considerations for students' connection to reflection, and (3) consideration for the educator's connection to reflection. Because the themes and categories interconnected, we close the results section with a discussion of "closing the loop" to illustrate the interconnectivity.
The tips for reflection celebrate the many successes these educators have experienced with the activities, while bringing attention to some of the unintended consequences for implementing reflection. By highlighting these successes and some of the challenges associated with reflection in engineering classrooms, we anticipate that readers will be well informed to make their own decisions as educators. Our goal in sharing these thematic findings is to call out the important considerations for implementing reflection in engineering as identified by educators. These findings will help new and experienced faculty make decisions about how to design and implement reflection activities in their own pedagogy.
Methods
This work involved thematic analysis of tips offered by engineering educators as part of a largescale effort to document activities used by educators to support student reflection. The tips that we collected are the data for this analysis. In this section, we provide details on this data source, discuss the thematic analysis approach that was used, and identify key features of how the resulting themes presented.
Data collection
One of the primary products of the consortium's work in year one, was the production of over 100 field guide entries of reflection activities. These field guide entries captured an overview of each activity from educators who have either created or intentionally adopted reflection activities into their pedagogy, included step by step instructions, worksheets, rubrics, and resources for other educators to implement the activities on their own. Field guide entries were generated by a two step process. First, educators were interviewed about their reflection activities by local campus leadership on the CPREE project. These audio recorded interviews and supporting documents were shared with a team of researchers who then created field guide entries for each activity. The researchers created a general template to capture the outline of the activity, r ecipestyle instructions, and tips to successfully implement the activity. The latter section was named "Tips & Tricks" in the campus field guide entries. The content for the field guide entries and associated tips were selected from the interviews to identify and share out the most practical suggestions offered by the educators.
Often, the tips included in the field guide entries were informed by multiple iterations of the activityboth successful and less than perfect experiences with the activity. The wisdom collected from these educators was meant to inform other educators who are interested in adapting these activities in their own context. In the process of collecting and documenting reflection activities to create field guide entries, it was clear that there was a bit of overlap and transferable advice for educators who use reflection in their teaching, and thus inspired this paper. Our aim is to share practical tips with educators who will use reflection in their pedagogy.
Data analysis
The data analysis was carried out by three researchers familiar with the project. An initial period of data sensitization was used in order to become familiar with the data and to explore possible approaches to coding the data. For example, initial analysis approaches explored units smaller than the tip itself, such as a phrase within the tip could be coded. The researchers also explored a coding approach that focused on the conditions that motivated the tip (e.g., personal experience with the activity, student attitudes, educator attitudes, finite resources). From these initial analysis approaches, the need for an approach that surfaced higher level insights was necessary. Ultimately, an affinity mapping process was identified as the most appropriate method of aligning the goals of the analysis with the nature of the data source. In the mapping process, tips were treated as coherent entities and each tip was associated with a dominant theme. Attention was focused on the direct object, or to what person/entity the tip was directed to, in order to assign a category. After primary categories were identified, themes within those categories were determined. While this is not a comprehensive analysis, our aim was to capture some of the most important, transferable tips for implementing reflection in engineering education.
Presenting and interpreting results
The results below consist of the three broad categories of tips, and then generalized themes that were synthesized from the original data. As mentioned, we identified one theme for tips that was crosscutting among categories. In presenting these generalized themes, example tips are used as evidence. When specific tips are presented, they are crossreferenced with the reflection field guide entry from which they were derived. The cross reference consists of the campus name and the reflection activity number as listed on the CPREE campus field guide webpage http://cpree.uw.edu/campusfieldguides/ .
In reading the results, there are two things are important to remember. The first pertains to the interpreting what is in the original data source and the second pertains to the absence. Concerning what is present in our data source, we remind the reader that the tips represent what educators mentioned at the time of the interview. Thus, the language used in the results includes phrases such as "educators mentioned," "educators called attention to," and "educators highlighted." This is in contrast to language that might overinterpret our data sources (e.g., "educators thought x was the most important" or "educators prioritized x"). While such prioritization is clearly something of interest, it is not appropriate to interpret such from our dataset.
Concerning what is absent in our data source, we remind the reader that the absence of a tip from an educator's comments cannot be interpreted as an educator not considering such a tip to be important. In other words, if a specific tip is mentioned by only one educator, it is not appropriate to assert that other educators did not find that tip important. All that we can conservatively say is that the other educators did not mention such a tip as critical on the path to completing the specific activity successfully. Put another way, if many educators mention a similar tip, we can say that this tip was considered important, but if a tip is only mentioned by a small number of educators, it is not appropriate to infer that it is unimportant. Rather, it is simply appropriate to highlight that the tip was infrequently mentioned. We will revisit these issues in the discussion.
Results
The tips were ultimately organized into three categories : tips related primarily to the activity itself, tips related to students' connection to reflection, and tips related to the educator him or herself. Within each category, themes were identified and each are presented with examples and an explanation of the theme. There was one theme that was related and interconnected to the activity, students, and educator, so this theme is presented as its own category, closing the loop. Of course, this advice is very much based on the activity itself. Grading the activity at a lower scale removes the educator from the role of arbiter of good and bad reflection. There were fewer instances in which educators suggested that grades be given and that the grade be a substantial portion of the final course grade. In these instances the experience that students were reflecting on and the depth or repetition of the reflection activity itself warranted a more substantial portion of the overall course grade.
Other educators who suggested that the activity be graded also included some pointers for how to grade the activities. Grading the activity was often a means to close the loop with students or to remind students to focus on the experience they were reflecting on, rather than the reflection activity itself. Others also included tips for grading such as providing a rubric, getting additional support for grading, and consider timing; themes that overlapped with other tips included in the paper.
1b. Address time and timing
The time necessary to complete an activity successfully and the timing in the academic term, or the class session were tips pointed out by some educators. The primary motivation around time as a factor for a successful reflection activity was based on the need for the educator to allow time both in class, outside of class, and of their own time to ensure that the activity could be completed successfully. Considering time alone, educators suggested other educators to allocate the time for themselves to complete the grading and give full consideration to the amount of time necessary for the reflection activity to be successful.
For some activities, it was important for the timing of the reflection activity to be closely bound to the experience that students were being asked to reflect upon. Wrapper activities, activities used to help students make sense of a class activity like a test, project, or homework assignment were a popular category of reflection activity, and timing considerations were pointed out by several educators. Also related to time is when an activity is introduced to the class or when it takes place in the term. For activities that may require a certain level of trust between students and educators, a few educators suggested using them later in the term. At the same time, some activities yield the best results when they are a regular part of the class that starts on the first day and continues throughout the term.
Considering students' connection to reflection Category 2
Challenges that students experience with reflection showed up in our interviews with educators in several ways. Educators talked about students valuing reflection, their perceptions of and experience with reflection as challenges that ought to be addressed when implementing these activities. They provided several tips and suggestions to guide students' understanding of reflection. We grouped the educators' suggestions and tips into four themes: (2a) value of reflection (2b) limited experience with reflection, (2c) hesitation about writing, and (2d) preparation for reflection.
2a. Help students see the value of reflection:
Many educators expressed concerns about engineering students not seeing the value of reflection, especially in relation to their engineering courses and future career. When students do not see the value of reflection, they may not take it seriously, which in turn makes it difficult for educators to incorporate reflection activities in classrooms. Providing a clear description of the activity would be especially helpful when the reflection activity is designed for a specific class or when the format of the activity is unique compared to other more common forms of reflection activities such as reflection essays or surveys [10] . Consider including enough information that helps students understand the relevance of the activity to the course and curriculum, requirements of the activity, and how the students would benefit from participating in the activity.
Use alternate words for reflection . Educators suggested using alternative words for reflection, especially in the beginning of the term. Other educators also used alternative names for the activity and added that disguising the reflection activity can help as an entrée into getting students to actively engage in reflection at the beginning of the course, but they emphasized the importance of discussing the reflection later in the class so the students understand what it means and how to use it in the future [RoseHulman Institute of Technology FG01].
Be clear/explicit about the purpose of reflection. Educators highlighted the importance of discussing the reasons and rationale for doing reflection activities to help students see the value of reflection and to get them buy into the whole process of reflection. These discussions are usually specific to the type of reflection activity, and could range from discussions around how the activity could help students with the course assignments, to conversations about how it can help them with their future career and with seeing the bigger perspective [e. 2d. Acknowledge students' varying preparation for reflection
At times, students in engineering classes may not be prepared for reflection because the idea of reflection may be new to them, or they may not be expecting to reflect in this context. It is important to be mindful that where the students are coming from and how this can influence their responses to reflection because individual students react differently. It is also important to acknowledge that not everyone is going to enjoy engaging in reflection and reflection would work for some but not for others. Overall, educators highlighted the importance of being mindful of the audience and factor it into your expectations for reactions to reflection.
" Acknowledge different students' reaction to reflection.The other tip is that it is a good idea to acknowledge that not everyone is going to enjoy engaging in reflection

Considering the educator's connection to reflection Category 3
As an educator it is important to acknowledge that engaging students in reflection may require a balance in acting as a facilitator and demonstrating some level of transparency. Depending on context and situation, inviting students to reflect creates a space of options and methods that more rigid assignments and requests of students do not always allow. Reflection may invite vulnerabilities on the part of the student and the educator that do not fit the norm for engineering education. Because of this, a deeper, and possibly more personal knowledge of reflection may be necessary for successful implementation. Within this category, we explain the themes to consider that impact the way educators approach and engage in the use of reflection in engineering education including: (3a) awareness of influence, (3b) knowledge and practice of reflection, (3c) respect for the personal nature of reflection, (3d) ability to react to emergent qualities of reflection, and (3e) iteration.
3a. Be aware of your influence on the students Tips suggested that educators be aware of their influence on the students. "In doing these types of reflection activities, sometimes students mark high confidence responses because they think that is what the educator wants to see. When implementing reflection, it is important to be aware of the dynamic nature of these reflection experiences in the classroom. Reflection opens up the possibility for reactions to be different in each class, for things to not work every time, and for the motives or usefulness of reflection to be questioned. A variety of tips from educators across the campuses address issues related to the dynamic issue of reflection.
Reflection experiences that allow students to express their thoughts about the class can open the door for criticism. Tips from several campuses tell educators implementing reflection to " be prepared to deal with criticism " [Georgia 3e. Be prepared for the addition of reflection experiences to be an iterative process
Tips expressed the importance of knowing that adding reflection will be an iterative process. Do not expect that you will succeed the first time. Like implementing any new thing, it takes time to figure out what works. In contrast to the tip to be improvisational, this is more about big picture structure of the course rather than being dynamic in an everyday sense. These tips can initially be read as condescending or judgemental of educators who wish to use reflection in their classes, yet these tips also highlight the unique vulnerabilities that reflection may introduce to educators. As educators, our students are aiming to provide us with correct responses, expect that we are experts in domains beyond our disciplinary knowledge, and that we are responsible to answer or respond to what comes up when we introduce reflection. We raise these themes not as a criticism or qualification to be successful at reflection, but in order to call out the consequences that many educators face when implementing reflection in their engineering classrooms.
Closing the Loop Crossing Categories
One recurring idea expressed by educators was the idea that reflection can act as a channel for communication between students and educators. Many educators felt that "closing the loop", by leveraging student reflections to inform their teaching, was important and tied to benefits for successful activities, for the benefit of students, and for the benefit of educators. Educator's offered advice such as " close the loop with the reflection " [Arizona State University FG03], " debrief the reflection assignment " [Arizona State University FG04], or " respond to and address students' feedback " [Georgia Tech FG06] . This theme was a general expression that student reflection experiences can provide feedback to educators and thus serves as an opportunity for educators to improve their teaching by "closing the loop". 
Discussion
In the previous sections, we presented tips for incorporating reflection activities into engineering education contexts. These tips, organized around activity design, student concerns, and educator behaviors, a re significant because they have bubbled out from over 300 individual tips shared by 100+ educators representing diverse educational contexts. Our fourth theme, closing the loop, was cross cutting as far as it related to features of a successful activity, a method to address student concerns, and practical for educators. The focus on tips is interesting because of its practicality and thus serves as a complement to more theoretical work on reflection. The tips can help educators improve existing reflection activities, imagine or design new activities, debug activities that are not necessarily working well, and have conversations with students.
The analysis of tips presented in this paper paves the way for next steps. For example, the tips create a sense of a space, and surveys could be created to elicit from educators their perceptions of the significance of the tips in each part of the space (e.g., the significance of tips related to the activity relative to tips related to addressing student concerns). As another example, in doing the analysis for this paper, there was a perception that some tips seemed campus or context specific. For example, is it possible that an observation that "students are likely to be unfamiliar with reflection" is more likely to be true on some campuses than others? Are there patterns to what types of tips are associated with different campuses or different institution types? Are there patterns relating tips with educators' prior experiences in bringing reflection into their teaching and/or the depth with which educators have been involved in thinking about and exploring reflection? While answering such questions was outside of the scope of the current analysis, it would be interesting for future research. Finally, the current exploration of the tips invites deeper exploration concerning when, under what conditions, and how certain tips might work. For example, it would be interesting to further explore the tip that educators consider using terms other than reflection when introducing reflection activities. When might this help, and when and under what conditions might this not help?
A reason to more deeply explore some of the tips is because of the occasional ambiguity that shows up. For example, in the section on grading, we report that many tips around grading showed up but synthesizing those tips into simple, higher level tips proved elusive. Further, the emphasis on grading seems to stem from an assumption that students will not take reflection seriously unless grading is attached to it. Yet, one of the tips explicitly suggests that educators "be prepared for students to take reflection seriously." As another example of ambiguity, the observation that students may have never been asked to reflect does not align with a concern about "reflection fatigue" reported in other papers on student reflection [10] . What explains these ambiguities? Certainly there are many possible explanations. Future work could (a) turn to relevant theory, (b) explore existing empirical evidence, or even (c) gather new evidence to delve into the ambiguities.
An additional reason to more deeply explore some of the tips is because of potentially problematic nature of some of them. For example, a generalized statement that "engineering students do not like writing" is just that, a generalized statement. In this example, the generalized statement is problematic because it masks the idea that engineering students actually have a range of attitudes toward writing and that specific groups of engineering students may have different profiles in their attitudes toward writing. To address such a problem, an educator could gather data from students specifically around their writing attitudes and use the data (rather than the generalization) on which to base the reflection activity. While the problem of generalization may stem from the format of the "tip" (i.e., short, simple, assertive), critical reading of the tips around the generalizations made about students is still warranted.
When reading with a critical eye, we might also encounter tips that seem to assign a problem to students when the problem may be much larger than them. Consider the tips stemming from a concern that students will not value reflection. Such a premise suggests that we just need to address "student valuing of reflection" in order to move ahead. What if, however, the students are getting their values from the larger system. If so, a less blameful tip might be written in a more inclusive way to suggest that "students may reflect the values of engineering and thus not initially value reflection." And, as a different emphasis, if student attitudes are learned from us, then the student attitudes can be read as telling us about our own attitudes. These issues suggest the importance of critically examining the tips in order to surface assumptions.
Conclusion
The work in this paper complements efforts to offer reflection activities to engineering educators. The tips and tricks for reflection celebrate the many successes these educators have experienced with the activities, while bringing attention to some of the unintended consequences for implementing reflection. By highlighting these successes and some of the tensions associated with reflection, we anticipate that readers will be well informed to make their own decisions as educators. Our goal in sharing these thematic findings is to call out the important considerations for implementing reflection in engineering as identified by over 100 educators. These "tricks of the trade" will help new and experienced faculty make decisions about how to design and implement reflection activities in their own pedagogy.
